The PDF file includes:
Supplementary Materials and Methods Fig. S1 . Geochronology sample photos. Legend for table S1.  Table S2 . Alternate age interpretations. References (61-66)
Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/4/9/eaat8223/DC1) Table S1 (Microsoft Excel format). U-Pb isotopic data.
MATERIALS AND METHODS

Sample Descriptions
Samples dated in this study were collected from roadcuts or natural exposures in Washington, Fewer than 100 zircons were separated from this sample, and many of these grains are rounded and appear detrital. Some grains are euhedral, and ranged from equant to a high aspect ratio.
Many grains are tinted orange, while some are clear. Forty grains were selected for analysis, and 19 were successfully dated. For this sample and the other samples described below, grains that were not successfully dated were lost at some stage of zircon chemistry prior to dating, or were dated and either did not fall on the Concordia line or exhibited a ratio of radiogenic Pb to common Pb that was 1. Six of these grains were ca. 16.7 Ma, with a dispersion of 120 ka, while the other 13 are inherited. Both the Mid-Miocene and inherited grains exhibited a range of morphologies. The youngest grains were often euhedral, and ranged from equant to an aspect ratio of at least 4:1. While some of the young grains were glassy and transparent, others were opaque. While a few of the analyses exhibited elevated common Pb content (>1 pg), others had low common Pb (<0.3 pg) but also low radiogenic Pb content (<1 pg), yielding generally less precise zircon ages for this sample than for the others in this study. (42.66626°N, 118.56479°W, elevation 2966 m) This sample was collected from a ~0.5 m thick redbole interbedded between Upper Steens Basalt flows (61) at the East Rim Lookout on Steens Mountain. The sampled horizon was a fine pink sediment infilling a brecciated flow top, and contained abundant vitreous microphenocrysts with few dark round lithic fragments.
CRB1624
Hundreds of zircons were obtained from this sample, with a range of morphologies. Generally, grains were angular to subangular, with fewer round detrital grains. The grains ranged from equant to higher aspect ratios, though few were acicular. Most of the grains are orange, while a few are clear and glassy. Twenty-three grains were selected for analysis, and 11 were successfully dated. The youngest grains appear to be the most euhedral, and range in size from <100 to over 300 m. All of the grains were found to be ca. 16.6 Ma, with a dispersion of <70 ka. The precision of these analyses is attributed to high radiogenic Pb content (up to 34 pg) of the grains and low common Pb content (often <0.3 pg) in the analyses. Fewer than 50 zircons were separated from this sample, and are found to be glassy, somewhat blocky, and ranging in morphology from equant to tabular. Most of the grains are around 100 m in length. Twenty-three grains were selected for analysis, and of these, 14 were successfully dated. One grain was found to be inherited, while the other 13 are dated to ~16.6 Ma, with a dispersion of 120 ka. The youngest and most precise grains are among the largest analyzed, and have a high radiogenic Pb content (1-6 pg). appeared equant, and the rest have a medium aspect ratio. Twenty-four zircons were selected for analysis, and eleven were successfully dated. All zircons were found to be ca. 16.3 Ma, with a dispersion of 160 ka. The youngest grains appear somewhat wide, clear, and euhedral, and the most precise analyses came from zircons with the greatest amount of radiogenic Pb (1-2 pg).
CRB1556 (46.08543°N, 117.17870°W, elevation 1145 m)
This sample was collected from the same stratigraphic section as CRB1634, from a 0.6 m thick redbole between lava flows of the Meyer Ridge Member, immediately overlying the Wapshilla Ridge Member. The horizon was most coherent in its upper half, and displayed few vitreous phenocrysts and rare lithics.
The sample yielded 19 zircons, and all were picked for analysis; 7 were successfully dated. The zircons were either <100 m and equant or larger and more tabular. A few were euhedral with pointy edges, while others appeared fragmented at the edges. The youngest, most precise analyses came from the largest grains. Even though these grains were not euhedral, they possessed the greatest amount of radiogenic Pb (1-2 pg). The grains exhibit a dispersion of 150 ka around ca. 16.3 Ma.
CRB1519 (46.44171°N, 117.39066°W, elevation 701 m)
This sample was collected from a redbole found under a lava flow of the Meyer Ridge Member and overlying a lava flow Wapshilla Ridge Member, representing the same stratigraphic interval as CRB1556 but found 44 km away on US-12 east of Pomeroy, WA. The sample is fine-grained, with abundant vitreous microphenocrysts and few angular lithic fragments.
Hundreds of zircons were separated from this sample, and they appear mostly clear and glassy, with a few orange grains. Most present typical aspect ratio, while 10% are acicular and a few grains are equant. Many grains are subangular, with pointy tips slightly worn down. Twenty-one grains were selected for analysis, and 10 were successfully dated. Two of the zircons analyzed were inherited, and appear somewhat opaque; five zircons were ca. 16.2 Ma but an age dispersion of 400 ka, outside the range of analytical uncertainty. The youngest grains each have one euhedral tip, are longer than 100 m, and the most precise analyses were for zircons with a higher radiogenic Pb content (2-4 pg). Several thousand zircons were obtained from this sample, and all are clear, prismatic, and euhedral. The zircons range in size from 50-300 m, and about 10% are equant grains, while 10% of the grains are acicular. Forty zircons were selected for analysis, and 11 of these were successfully dated, with 9 grains found younger than 17 Ma. The age dispersion of these samples is greater than 500 ka, well beyond analytical uncertainty, suggesting pre-eruptive crystallization.
CRB1533
The youngest grains appear to be the most acicular in morphology, and the most precise analyses are due to high radiogenic Pb content of 5-15 pg. Hundreds of zircons were obtained from this sample, most of which are clear and subangular to subrounded. While a few zircons were angular, none were acicular. Thirty-five grains were selected for analysis, and 10 were successfully dated. Four of these were inherited, and the remaining six grains have a uniform age distribution within 2 uncertainty, of ca. 15.9 Ma. The youngest and most precise dates were obtained from somewhat opaque, orange-tinted zircons that were euhedral, and had high radiogenic Pb content of 11-40 pg.
S2 U-Pb Age Interpretations
Given the physical characteristics of both rock samples and zircons, the geochronology samples for this study are interpreted to be volcanic in origin, and deposited by unrelated regional silicic volcanism during cessations in CRBG volcanism. The presence of phenocrysts, lithic fragments, and fragments of basaltic pumice found at the hand sample scale are consistent with ash deposits, and the euhedral and prismatic appearance of the zircons are consistent with magmatic textures, with little evidence for rounding seen in alluvial or eolian grains.
Full U-Pb isotope results are given in table S1, maximum thickness and volume versus age plots are given in fig. S3 , and Concordia plots for each sample are given in fig. S4 . All dates are presented with 2 uncertainty, which represents internal errors only. In table S2, alternative age interpretations are also given with 2 uncertainties of ±X/Y/Z. X is used for most of the geochronological uncertainty described in this paper, and indicates internal uncertainties only for comparison with U-Pb dates from labs using ET-(2)535 tracer solution. Y also incorporates tracer calibration uncertainties for comparison with other U-Pb dates determined with different tracer solution. Z includes full systematic uncertainties, including decay constants, to allow for comparison with other radioisotopic dates or astrochronologically-determined timescales that may be tied to other radioisotopic dates that are not derived from the U-Pb system (63, 64).
The ages we present in this study are influenced by how we dealt with the issue of Th/U disequilibrium in zircon, and our decision to present the single youngest, most-precise analysis as the age of each ashbed, rather than weighted means. Both of these decisions are discussed below, and ultimately, neither interpretation substantially affects our major conclusions about the timing and duration of CRBG eruptions.
Th/U disequilibrium correction in zircon
During zircon crystallization, 238 U is preferentially incorporated into the crystal lattice over 230 Th, an intermediate daughter product, causing the system to depart from secular equilibrium and ages to be underestimated. Often, a minimal correction is made to address this fractionation.
Either zircons are assumed to crystallize from a magma with a uniform (Th/U), or a uniform partition coefficient between Th and U from the liquid is assumed, and then the (Th/U) of the magma is calculated on a fraction by fraction basis, using the model (Th/U) of each zircon Pb obtained for each zircon during mass spectrometry. To assess the impact of this correction, we also reduce our youngest zircon ages (upon which our interpretations depend) with a constant (Th/U) magma of 3.5±1.0 (2), which encompasses the majority of igneous liquids (table S2) . We find that our preferred interpretation with a constant Th/U partition coefficient adjusts our dates by no more than 10 ka, and adds no more than 5 ka of uncertainty to each age.
Interpretation of zircon crystallization age spectra
The zircons dated from each geochronology sample displayed a dispersion in ages ranging from 40-500 ka (apart from inherited grains). We interpret this as geological scatter caused by preeruptive zircon crystallization or incorporation of zircons from older material in the same volcanic system (24), because the dispersion in most cases goes beyond analytical uncertainty. Therefore, the zircon that crystallized most recently should best time the eruption of the volcanic ash, and for this reason we interpret the youngest, most precise zircon dates as representing the age of the horizons in this study. Although Pb loss in zircons may sometimes cause U-Pb dates to be biased too young, chemical abrasion on young zircons nearly eliminates this effect. We find the pattern in our dataset of younging ages with increasing height in the CRB stratigraphy as further evidence that Pb loss does not affect our conclusions, as its effects would vary with grain size and U-content, and not systematically with age.
Other geochronological studies often use a weighted mean of several zircon dates to constrain the age of a sample. This approach yields dates with lower uncertainty than the single crystal approach as well as greater assurance that the resulting age is not biased by a young outlier, but should only be used for homogeneous age populations where the only source of scatter is analytical uncertainty, which is not the case for all of our samples, and difficult to justify in most U-Pb datasets even if they overlap within analytical uncertainty. Additionally, including zircons beyond the youngest grain in the final age of the sample may bias the resulting age too old as a result of pre-eruptive crystallization. To assess how well the analytical uncertainty can explain the observed dispersion of crystallization ages, the mean square of weighted deviates (MSWD) may be calculated, and should be ~1, with deviance from 1 varying with the number of analyses included in the weighted mean (66). However, a dataset may still be subject to subtle geologic dispersion, even with an MSWD near 1 (65), resulting in weighted means that are biased too old.
We compare the single crystal ages presented in this study to weighted mean ages calculated for each sample in table S2 and fig. S5 . First, we calculate the weighted mean for the youngest few zircons, whose dates overlap with the youngest date, where slight offsets may be caused by analytical uncertainty. We also calculate weighted mean ages using the maximum number of grains allowed to produce an acceptable MSWD near 1. We find that the more grains that are included in the weighted mean, the ages are biased older, though are more precise. Ultimately, as seen in table S2 and fig. S5 , the decision to use the age of single crystals rather than weighted means ages does not substantially offset our ages, and does not have a major bearing on any of the conclusions presented in this paper. The single crystal approach appears to be the most conservative because it results in larger uncertainty for each age, while overlapping with the weighted mean ages. representing the eruptive age of each sample does not substantially offset our results from using weighted mean ages. For each sample, we compare the age of the youngest sample to the a weighted mean age calculated from the youngest few grains, and to a weighted mean age calculated using the maximum number of grains that yield an acceptable MSWD near 1. Even though ages from single crystals exhibit higher 2 uncertainty, we prefer the youngest zircon interpretation to avoid the effects of pre-eruptive zircon crystallization, as the weighted mean ages all appear biased slightly older. Calculated dates using the different interpretations are given in table S2. Table S1 . U-Pb isotopic data. Data acquired by CA-ID-TIMS is presented in a separate file, with various corrections as specified in the notes beneath the table. Table S2 . Alternate age interpretations. We compare our preferred data interpretation of using the youngest, most precise zircon date for the age of the sample, with a constant Th/U partition coefficient to alternative interpretations. The youngest zircon age with a constant partition coefficient shows no more than 10 ka offset from the youngest zircon age obtained using a constant (Th/U) magma . The youngest zircon age can also be compared to weighted mean ages calculated from the youngest few zircons or a weighted mean taken from the maximum number of grains allowing an acceptable MSWD of 1. The effects of these interpretations are described in the text and illustrated in fig. S5 . 
